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© An improved video signal processing circuit (63) 
in the high quality television system for alternating- 
current driving a liquid crystal module (64) is dis- 
closed. A reference signal is inserted into vertical 
blanking periods of a R signal by a reference signal 
generator (20) and switching circuit (4). The R signal 
in which the reference signal is inserted is converted 
into digital signals of n channels by an A/D converter 
(6). There exists difference in circuit characteristics 
among signal processing circuits for processing the 
respective digital signals. However, the signals 
signal-processed for each channel are supplied to 
microcomputer 21 through switching circuits (18i- 
18 n ). Since the microcomputer 21 controls full scale 
level and offset level of D/A converters 9i-9 n and 
adders 11i-11 n , the deviations produced among 
sampled video signals due to difference in circuit 
characteristics among channels can be reduced. 
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SAMPLED VIDEO SIGNAL GENERATING DEVICE FOR IMPROVING DEVIATION BASED ON DIFFERENCE 
OF CIRCUIT CHARACTERISTICS AMONG CHANNELS 



BACKGROUND OF THE INVENTION 



Field of the Invention 

The present invention generally relates to a 
sampled video signal generating device, and more 
particularly to a sampled video signal generating 
device in which deviation which may be caused 
among sampled video signals due to difference in 
circuit characteristics among channels is reduced. 
The present invention has particular applicability to 
a sampled video signal generating device for Liquid 
Crystal Display. 



DESCRIPTION OF THE BACKGROUND ART 

In the high quality television system known as 
a television system for the next generation, the so- 
called "High Vision", resolution is increased as 
compared to the present television system, result- 
ing in providing vivid image to viewers. That is to 
say, in High Vision, the number of horizontal scan- 
ning lines is defined to be 1125 or more for one 
frame, interlace is set at 2:1 or no-interlace, and 
aspect ratio at 16:9. On the other hand, in the 
NTSC system which is the current television sys- 
tem, the number of horizontal scanning lines is 
determined to be 525 for one frame, and interlace 
ratio is set at 2:1, and aspect ratio at 4:3. As a 
result, the amount of information handled in the 
High Vision system is about 5 times or more that in 
the NTSC system. 

As described above, since it is necessary to 
handle a larger amount of information in the high 
quality television system, various devices have 
been invented in a video signal processing. For 
. example, in a video signal processing circuit for 
supplying video signals to a liquid crystal display 
according to the high quality television system, the 
number of picture element is considerably in- 
creased, so that the video signals should be sam- 
pled at an extremely high speed. Video signals 
sampled at high speed are provided as picture 
element signals to the horizontal scanning circuits 
of the respective liquid crystal panels in the liquid 
crystal display. As the digital horizontal scanning 
LSI circuit, one of sample-and-hold type is em- 
ployed because of it's excellent technical property. 

However, as a digital horizontal LSI has a limit 
in speed of high vision signal scanning, a plurality 
simultaneous scanning system of dividing a single 
video signal into a plurality of channels is em- 



ployed. That is to say, a continuous video signal is 
sampled at predetermined time intervals to pro- 
duce sampled video signals divided into a plurality 
of channels. The produced signals are simulta- 

5 neously inputted to the horizontal scanning circuits. 
In other words, the operation speed of the horizon- 
tal scanning circuit connected to each channel can 
be reduced to 1/n by dividing a single video signal 
into sampled video signals of n channels. Since the 

10 operation speed of the horizontal scanning circuit 
connected to each channel is reduced, desired 
horizontal resolution can be easily implemented 
without reducing video frequency bandwidth by the 
horizontal scanning circuit. Here, the phase dis- 

75 order among the n channels should be restrained 
within a permitted value corresponding to the sam- 
pling frequency. 

As described above, since a single video signal 
is divided into a plurality of channels by sampling 

20 and the video signal processing for obtaining sam- 
pled video signals is performed for each channel, 
difference in circuit characteristics among signal 
processing circuits for handling video signals of the 
respective channels is not preferable. That is to 

25 say, when deviation of circuit characteristics exists 
among signal processing circuits, the picture qual- 
ity of image obtained according to video signals 
generated from the respective signal processing 
circuits is degraded, such deviation of circuit char- 

30 acteri sties occurs not only because of various dif- 
ferences of manufacturing conditions but also can 
be produced due to environmental conditions in 
use such as temperature and moisture. 

35 

SUMMARY OF THE INVENTION 

It is an object of the present invention to im- 
prove horizontal resolution of image obtained 
40 based on generated video signals in a sampled 
video signal generating device generating sampled 
video signals divided into a plurality of channels by 
sampling. 

It is another object of the present invention to 
45 decrease deviation among sampled video signals 
produced due to difference in circuit characteristics 
among channels in a sampled video signal generat- 
ing device generating sampled video signals di- 
vided into a plurality of channels by sampling. 
so It is still another object of the present invention 

to improve horizontal resolution of image displayed 
on a liquid crystal display device in the sampled 
video signal generating device providing sampled 
video signals divided into a plurality of channels to 
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a liquid crystal display device. 

It is yet another object of the present invention 
to reduce deviation produced among sampled vid- 
eo signals according to difference in circuit char- 
acteristics among channels in a sampled video 
signal generating device for supplying sampled vid- 
eo signals divided into a plurality of channels to a 
liquid crystal display device. 

Briefly stated, the sampled video signal gen- 
erating device according to the present invention 
includes a circuit generating a level reference sig- 
nal for defining changeable level of a video signal, 
an inserting circuit for inserting a level reference 
signal into vertical blanking periods of a video 
signal, a sampling circuit for sampling the video 
signal in which a level reference signal is inserted 
on a predetermined cycle and generating n sam- 
pled video signals, n signal processing circuits for 
applying predetermined signal processing to the 
respective sampled video signals, a detecting cir- 
cuit for detecting level reference signals included in 
the respective signal-processed signals, and a level 
control circuit for controlling changeable levels of 
the respective signals generated from the signal 
processing circuits in response to the detecting 
circuit. 

In operation, the inserting circuit inserts a level 
reference signal into vertical blanking periods of a 
video signal. The video signal in which a level 
reference signal is inserted is divided into n sam- 
pled video signals by the sampling circuits. The 
respective sampled video signals are subjected to 
signal processing by n signal processing circuits, 
respectively. The detecting circuit detects level ref- 
erence signals included in the signals processed 
by the respective signal processing circuits. The 
level control circuit controls changeable levels of 
signals generated from the respective signal pro- 
cessing circuits in response to the detecting circuit, 
to restrain differences of signal levels produced 
due to deviations of circuit characteristics caused 
among signal processing circuits. 

The foregoing and other objects, features, as- 
pects and advantages of the present invention will 
become more apparent from the following detailed 
description of the present invention when taken in 
conjunction with the accompanying drawings. 



BRIEF DESCRIPTION OF THE DRAWINGS 

Fig. 1 is a block diagram of a liquid crystal 
display device to which a video signal process- 
ing circuit of one embodiment of the present 
invention pan be applied. 
Fig. 2 is a block diagram of a video signal 
processing circuit for liquid crystal display show- 
ing one embodiment of the present invention. 



Fig. 3 is a wave form diagram showing a wave 
form in display period of a video signal for 
Liquid crystal display. 

Figs. 4A-4D are wave form diagrams of refer- 
5 ence signals used in the circuit shown in Fig. 2. 

Fig. 5 is a wave form diagram showing wave 

forms of reference signals in a single vertical 

blanking period shown in Fig. 4. 

Fig. 6 is a timing chart for describing operation 
10 of the circuit shown in Fig. 2. 

Figs. 7 and 8 are flow charts for describing 

operation of the circuit shown in Fig. 2. 

DESCRIPTION OF THE PREFERRED EMBODI- 
ES ME NTS 

In the description below, description will be 
given about a case where a video signal process- 
ing circuit according to the present invention is 

20 applied to a liquid crystal display device. Referring 
to Fig. 1 . the liquid crystal display device includes 
a high definition (referred to as "HD" hereinafter) 
signal generating circuit 61, a control signal gen- 
erating circuit 62. a video signal processing circuit 

25 63 for liquid crystal display, and a HD liquid crystal 
module 64. As HD signal generating circuit 61, HD 
video tape recorder (VTR) or a multiple sub- 
Nyguist sampling encoding (MUSE) decoder or the 
like can be employed. HD signal generating circuit 

30 61 generates R, G and B signaJs according to high 
quality television system, a horizontal synchronous 
signal H, and a vertical synchronous signal V. Con- 
trol signal generating circuit 62, responsive to the 
horizontal synchronous signal H and the vertical 

35 synchronous signal V, generates various control 
signals. That is to say, control signal generating 
circuit 62 generates, in addition to horizontal syn- 
chronous signal H and vertical synchronous signal 
V, a clock signal CK r a frame pulse signal FP, an 

40 inversion signal, and digital signals necessary for 
controlling video signal processing and liquid cry- 
stal module. 

Liquid crystal module 64 includes three liquid 
crystal panels for R, G and B signals. Video signal 

45 processing circuit 63 generates video signals R1 
through Rn for the R module, video signals G1 
through Gn for the G module, and video signals B1 
through Bn for the B module, and digital signals for 
controlling each module, and supplies them to 

so three liquid crystal modules 64. In liquid crystal 
module 64, based on the supplied video signals, 
full color image is obtained. 

As video signal processing circuit 63 shown in 
Fig. 1, the circuit shown in Fig. 2 is employed. 

55 Referring to Fig. 2, the video signal processing 
circuit for liquid crystaJ display includes a R signal 
processing circuit 100R for R signal processing, a 
G signal processing circuit 100G for G signal pro- 
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cessing, and a B signal processing circuit 100B for 
B signal processing. Since the respective signal 
processing circuits 100R, G and B have similar 
circuit structure, only R signal processing circuit 
100R will be described to simplify the description 
below. 

R signal processing circuit 100R is connected 
to receive an R signal generated by HD signal 
generating circuit 61 shown in Fig. 1 through an 
input terminal 1R. The R signal provided at the 
terminal 1R is provided to a terminal a of a switch- 
ing circuit 4 through an attenuator 2 and a clamp 
circuit 3. Switching circuit 4 is connected to receive 
a reference signal Sref generated by a reference 
signal generator 20 at its terminal b. The reference 
signal Sref will be described later in detail. 

Switching circuit 4 repeats switching operation 
in response to control signals generated from con- 
troller 22 to insert the reference signal Sref into 
vertical blanking periods of the R signal. In other 
words, in switching circuit 4, terminal a is selected 
in a display period of R signal, and terminal b is 
selected in a vertical blanking period of R signal. 
As a result, a signal S1 in which a reference signal 
Sref is inserted into vertical blanking periods of an 
R signal is generated from switching circuit 4. 

Signal processing controller 22 is connected to 
receive a horizontal synchronous signal H and a 
vertical synchronous signal V generated from HD 
signal generating circuit 61 shown in Fig. 1 and a 
clock signal CK, a frame pulse signal FP, and a H 
inversion signal INV generated from the control 
signal generating circuit 62 of Fig. 1 . Controller 22, 
in response to these signals, generates various 
control signals required in R signal processing cir- 
cuit 100R. 

Signal S1 generated from switching circuit 4, 
after bandwidth-limited by a low pass filter LPF5, is 
supplied to an A/D converter 6. A/D converter 6 
converts the supplied video signal sampled by CK 
buffered by controller 22 into n channel digital 
signals in response to a sampling pulse generated 
from controller 22. That is to say, A/D converter 6 
converts a provided analogue signal into digital 
signals for every predetermined sampling cycle to 
form n channels of digital video signals. 

The digital signals generated from A/D con- 
verter 6 are provided to a y correction circuit 7 and 
a y through circuit 8. y correction circuit 7 receives 
digital signals and provides -rcorrected non-liner 
data, y through circuit 8 provides liner data without 
y correction, y correction circuit 7 and y through 
circuit 8 operate alternately in response to control 
signals generated by controller 22. In other words, 
y through circuit 8 provides liner data in periods in 
which the reference signal Sref is inserted, and y 
correction circuit 7 provides -rcorrected non-liner 
data in other periods. By alternately operating cir- 



cuits 7 and 8, operating processes employing the 
reference signal Sref which will be described later 
can be performed easily. 

Output signals generated by 7 correction cir- 

5 cuit 7 and 7 through circuit 8 are supplied to D/A 
converters 9i-9 n . Each of D/A converters 9i-9 n 
sequentially converts a digital signal into an ana- 
logue signal in response to a control signal gen- 
erated by controller 22. In addition, each of D/A 

70 converters 9i-9 n performs signal inverting process 
for each horizontal period. The signal inverting pro- 
cess is necessary for alternating-current driving a 
liquid crystal panel. In a vertical blanking period in 
which a reference signal Sref is inserted, it is 

75 preferable not to perform this signal inverting pro- 
cess. 

The respective signals generated by D/A con- 
verters 9i-9 n are provided through adders for offset 
adjustment 11i-11 n , low-pass filters 12i-12 n atten- 
20 nuators 16i-16 n buffers 17i-17 n , resistors 19i-19 n , 
and output terminals 27R1-27Rn, respectively. The 
provided signals R1-Rn are supplied to liquid cry- 
stal module 64 as video signals for R panel shown 
in Fig. 1. 

25 The upper limit of frequency bandwidth of the 

circuit between A/D converters 9i-9 n and output 
terminals 27Ri-27R n is preferably set at cut-off 
frequency of LPF12i-12 n to restrain difference of n 
channels. That is, the present invention is char- 

30 acterized in that the cut-off frequency of LPF does 
not follow the general Nyquist principle. This is 
important as technology for giving quantization ef- 
fect and obtaining high horizontal resolution when 
performing digital horizontal scanning. 

35 The signals provided from the respective buff- 

ers 17i-17 n are also supplied to microcomputer 21 
through switching circuits 18i-18 n low-pass filters 
24 and A/D converter 23. That is to say, switching 
circuits 18i-18 n responsive to control signals gen- 

40 erated by controller 22 sequentially and alternately 
turn on in the periods in which a reference signal 
Sref is inserted. As a result, reference signal com- 
ponents inserted in vertical blanking periods of the 
respective signals R1-Rn are sequentially extract- 

45 ed, and the extracted signal components are con- 
verted into digital signals by A/D converter 23. 

Microcomputer 21 switches channels to be pro- 
cessed for every two horizontal periods, for exam- 
ple, and performs processing necessary for full 

so scale level control of D/A converters 9i-9 n and for 
offset level control by adders 11i-11 n . The process 
will be described in detail later. 

As a result of processing in microcomputer 21 , 
data Df1-Dfn for controlling full scale level of D/A 

55 converters 9i-9 n and data Do1-Don for controlling 
offset level by adders 11i-11 n are generated. Full 
scale level control data Df1-Dfn are supplied to D/A 
converters (D/A n ) 10i-10 n for full scale control in 
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non-inverted period and full scale level control D/A 
converters (D/Af) 25t-25 n in inverted period. Switch- 
ing circuits 26i-26 n are connected to outputs of the 
respective pairs of D/A converters 10i and 25i 
through 10 n and 25 n . Switching circuits 26i-26 ni in 
response to control signals generated by the con- 
troller, alternately select ones of the pairs of D/A 
converters and supply control signals to full scale 
level control terminals of the corresponding D/A 
converters 9i-9 n . 

Similarly, offset level control data Do1-Don are 
given to offset level control D/A converters 13i-13 n 
in non-inverted period and offset level control D/A 
converters 14i-14 n in inverted period. Switching 
circuits 15i-15„ are respectively connected to the 
outputs of the respective pairs of D/A converters 
13i and 14i through 13 n and 14 n Switching circuits 
15i-15 n supply offset signals to the corresponding 
adders 11i-11 n in response to control signals gen- 
erated from controller 22. 

While each of switching circuits 26i-26 n and 
15i-15 n shown in Fig. 2 is composed of an ana- 
logue switching circuit, a digital switching circuit in. 
which D/A converters 10i, 25i, 13i and 14i are 
implemented in a single circuit is also applicable. 
Use of digital switching circuits further improves 
the property. This will be understood easily by 
those skilled in this art, 

A wave form of a video signal in the display 
period is shown in Fig. 3. To AC-drive the liquid 
crystal panel, the video signal is inverted for every 
one horizontal period (1 H) as shown in Fig. 3. That 
is, in a non-inverted period, the lowest level cor- 
responds to black "B" and the highest level cor- 
responds to white "W*\ On the other hand, in an 
inverted period, the highest level corresponds to 
black "B" and the lowest level corresponds to 
white "W". In this way, to AC-drive the liquid 
crystal panel, a video signal is inverted for every 
horizontal period. It is necessary that a consider- 
ation is given about signal inverting process in full 
scale level control and offset level control as well, 
since inverting process for AC driving is also per- 
formed in the circuit shown in Fig. 2. 

The level of the reference signal Sref gen- 
erated by reference signal generator 20 shown in 
Fig. 2 is two values signal shown in Fig. 4B. In 
Figs. 4A-4D, display periods DP1-DP6 are elimi- 
nated. The first vertical blanking period VB1 is 
used for offset level control and full scale level 
control of the R signal in the non-inverted period as 
shown in Fig. 4A. That is. as shown in Fig. 4C, 
signal level VB1 for offset level control is generated 
as reference signal Sref in the period VBo which is 
the first half of the period VB1. A signal Sref having 
signal level "W+" for full scale level control is 
generated in the latter half period VBf. In this case, 
the signal S4 shown in Fig. 4B is stored in a 



memory in microcomputer 24 through A/D23. 

In the vertical blanking period in the second 
filed, or in the second vertical blanking period, the 
similar control in non-inverted period is performed 
s about the G signal. Accordingly, similarly to the 
case of the first vertical blanking VB1, the refer- 
ence signal Sref produces potential for producing 
information of non-inverted offset level n B + " in the 
first half of the period, and produces potential for 

10 giving digital data of non-inverted full scale level 
"W+" to uCOM in the latter half. Furthermore, in 
the third vertical blanking period VB3, similarly, 
reference signal Sref for giving data of non-inverted 
offset level "B+" and non-inverted full scale level 

is "W + " are generated. 

In the fourth, fifth and sixth vertical blanking 
periods, the Sref similarly attains levels for offset 
level control and full scale level control. In this 
case, signal inverting is performed by D/A convert- 

20 ers 9i through 9 n - 

Reference signal generator 20 shown in Fig. 2, 
as shown in Fig. 4D, generates a stable binary 
signal for forming R G B information necessary to 
obtain data to be controlled in six fields. 

25 A change of a signal in a certain vertical blan- 

king period is shown in Fig. 5. In Fig. 5, the signal 
S1 is one in which a reference signal Sref is 
inserted by switching circuit 4 shown in Fig. 2, and 
the signal S2 shows an output signal of buffer 17i. 

30 In the embodiment shown in Fig. 2, the vertical 
blanking period VB has 45 times of horizontal cy- 
cles (45H). The offset level period Vbo and the full 
scale level period Vbf have time periods of 2nH, 
respectively (n corresponds to the number of chan- 

35 nels in the circuit shown in Fig. 2). 

This is because the signal S4 has to be pre- 
cisely given to microcomputer 21 shown in Fig. 2. 
Thus, considering the resolution and converting 
time of A/D converter 23 and generation of system 

40 noise, the cut-off frequency of LPF 24 is reduced. 
Under this cut-off frequency, operable switching 
time is selected. Accordingly, 45H is selected in 
this embodiment, but a value less than 1/10 of that 
can be selected theoretically. 

45 With respect to the level of the reference signal 

Sref (B and W), the level of the signal Sref is 
limited by A/D converters 9i-9„. Accordingly, as 
signal Sref level, to set a W value of 100% and a B 
value of 0% is not preferable in the control system 

so because of non-linear controlling. Accordingly, the 
level of the reference signal Sref is set in the 
vicinity of a W value of 100% and in the vicinity of 
a B value of 0% in present invention. 

Referring to Fig. 6. operations for full scale 

55 level control and offset level control in the circuit 
shown in Rg. 2 will be described. As already 
described, in the first vertical blanking period VB1 , 
offset level control and full scale level control in 
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non-inverted period of the R signal are performed. 
Furthermore, in the fourth vertical blanking period, 
offset level control and full scale level control in 
inverted period of the R signal are performed. In 
the first half period Vbo of the first vertical blanking 
period VB1 , a reference signal Sref having "B + " is 
generated, which signal is inserted in the R signal 
through switching circuit 4. The inserted signal S1 , 
after converted into digital signals by A/D converter 
6i is subjected to signal processing by D/A con- 
verters 9i-9 n and adders Ili-I1 n and so forth. 
Since there are deviations of circuit characteristics 
among signal processing circuits of the respective 
channels, the signal S4 provided to microcomputer 
21 through switching circuits I8i-I8 n has devi- 
ations. That is, as shown in Fig. 6, according to the 
deviations of circuit characteristics for the respec- 
tive channels, the levels of signal S4 are different 
from each other (S41 , S42, ...S4n). Since the levels 
of signal S4 is obtained according to the inserted 
reference signal Sref, it is ideal that there is no 
deviation among these signal levels. However, due 
to deviations among signal processing circuits for 
respective channels, deviations are caused among 
levels of signals S41-S4n. Microcomputer 21, ac- 
cording to the signals So1-Sfn, reduces deviation 
among these signals So1-Sfn by performing the 
following processes. 

Referring to Figs. 7 and 8, processing in micro- 
computer 21 will be described. Microcomputer 21 
performs some initializations in step 101. 

In step 102, initial data Do1-Don for off set 
level control of a non-inverted signal and initial data 
DM-Dfn for full scale level control of non-inverted 
signals in the respective channels of the R signal 
arc generated. The initial data Do1-Don for off set 
lovel control are supplied to D/A converters 13i- 
13 n , and the initial data Df1-Dfn for full scale level 
control are supplied to D/A converters 10i-10 n . 
Accordingly, initial values are set at full scale level 
control inputs of D/A converters 9i-9 n , and initial 
values are set at offset level control inputs of 
adders 11i-11 n . As a result, in the first vertical 
blanking period VB1, signals S4o1-S4on and S4fi- 
S4fn are generated according to the initial full scale 
and offset control. 

In parallel to or simultaneously with the above 
processing, initial values are also set in the pro- 
cessing system tpr a non-inverted signal of the G 
signal, the processing system for a non-inverted 
signal of the B signal, the processing system of an 
inverted signal of the R signal, the processing 
system for an inverted signal for the G signal, and 
the processing system for an inverted signal of the 
B signal. 

In step 103, an interruption due to measuring is 
permitted. 

In step 104, a determination is made as to 



whether an interruption is requested or not. In- 
terruption signals are continuously supplied from 
controller 22 to reference signal generator 20 on a 
cycle of 2 horizontal periods in vertical blanking 

s periods. Interruption signals are supplied in syn- 
chronization with horizontal periods of even number 
times of reference signal Sref of 4nH inserted in 
vertical blanking periods of the respective fields. 
When an interruption request is produced, the pro- 

10 cess in step 105 is started. 

In step 105, it is determined whether the input 
data is head data (data of offset level and fuil scale 
level for N channels (2n data)). Since a flag indicat- 
ing head data has been supplied from controller 22 

75 in synchronization with the second horizontal pe- 
riod of reference signal Sref of 4nH inserted in 
vertical blanking periods of the respective fields, 
this determination is made according to whether 
this flag was supplied simultaneously with an in- 

20 terruption or not. When it is determined to be head 
data, the process in step 106 is started. 

In step 106, the head data is captured. In this 
case, in the first field, connection switch 181 is 
connected and offset level (B + ) of a non-inverted 

25 signal of the first channel of the R signal is de- 
tected (measured). 

A switching circuit corresponding to the chan- 
nel to be detected next time turns on in the hori- 
zontal blanking period after the data has been 

30 captured. In this case, the switching circuit 182 is 
turned on after switching circuit 18i. 

In step 107, it is determined whether an in- 
terruption is requested or not. When an interruption 
request exists, the process in step 108 is started. 

35 In step 108, data of offset level (B + ) of non- 

inverted signals of the second-n'th channels of the 
R signals and full scale level (W + ) of non-inverted 
signals of the first-n'th channels are captured. 

In step 109, a determination is made whether 

40 all of data of offset level and full scale level for n 
channels (2n) have been detected or not. In steps 
107 and 108, data are repeatedly captured until 2n 
data are all detected. 

The data process in step 110 are performed as 

45 shown in Fig. 8. 

Referring to Fig. 8, in step 111, B+ level data 
in the first channel and its reference value data are 
compared with each other to determine whether 
the difference is in the tolerance range or not. 

50 When the difference is not in the tolerance range, 
the process advances tp step 1 1 2, and if it is in the 
tolerance rage, the process advances to step 118. 

In step 112, it is determined whether the dif- 
ference is below the reference value or not. 

55 When it is below the reference value, in step 

113, the set data of offset level of a non-inverted 
signal in the first channel is increased by quantized 
data "1" and the increased data is stored in a 
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memory in microcomputer 21 in step 114. 

If it is not below the reference value, in step 
115, the set data of offset level of a non-inverted 
signal in the first channel is decreased by quan- 
tized data "1". and the decreased data is stored in 
a memory in microcomputer 21 in step 114. 

In step 116, with the set data maintained, the 
set data is stored in a memory in microcomputer 
21 in step 114. 

In step 117, it is determined whether all of the 
data of offset level and full scale level for n chan- 
nels (2n) have been processed or not. The data 
processing in steps 111-116 are repeated until all 
of 2n data have been detected. When the process- 
ing is completed about all the 2n data, the process 
in step 119 is started. 

In step 118, offset level control data Do1-Don, 
and full scale level control data Df1-Dfn are output- 
ted. Data Do1-Don are applied to D/A converters 
13i-13„ shown in Fig. 2, and data Df1-Dfn are 
applied to D/A converters 10i-10 n . Accordingly, 
new values are set at full scale level control inputs 
of D/A converters 9i -9 n and offset level control 
inputs of adders 1 1 1 -1 1 n . 

Thus, process in the first field is completed, 
and adjustment of the processing system of the 
non-inverted signal of the R signal is completed. 

After this, the similar processing to those de- 
scribed above, or steps 104-110 of Fig. 7 are 
repeated and processing are applied to the second 
through the sixth fields. In the second and the third 
fields, adjustment of the processing system of non- 
inverted signals of the G signal, B signal are per- 
formed, respectively. In the forth through the sixth 
fields, adjustment of the processing systems of 
inverted signals of the R signal, G signal, and B 
signal are performed, respectively. Here, 1 cycle 
processing for adjustment of all the signal process- 
ing systems is completed. 

Subsequently, similar processes are repeated 
on a cycle of 6 fields. 

As described above, in this embodiment, step 
119 (in Fig. 8) is executed from performing the 
adjustment of non-inverted signal and inverted sig- 
nal of respective color system in different vertical 
blanking periods (VB1 , VB4 in R system). 

However, it is better to perform [OUTPUT SET- 
DATA] (step 119) of non-inverted signal and in- 
verted signal in same vertical blanking period, ac- 
cording to ideal performing. 

It is precondition to be over detecting from 
S4o1 to S4fn. data processing and OUTPUT SET- 
DATA in predetermined vertical blanking period 
based on input Sref. 

However, there is a case which said ideal per- 
forming can't be because of total processing time 
period of Microcomputer 21 to measure, data pro- 
cessing and output set-data. 



We write in addition, that said ideal performing 
is not so difficult from using a high speed process- 
ing microcomputer in case to handle high resolu- 
tion image. 

s As described above, the offset level control 

data Do1 - Don provided from microcomputer 21 are 
supplied to D/A converters 13i-13 n and 14i-14 n for 
the offset level control. D/A converters 13i-13 n con- 
vert the provided data into analogue signals and 

10 provide the converted signals to the respective 
terminals a of switching circuits 15i-15„. Similarly, 
D/A converters 14i-14 n also convert the data Do1- 
Don in inverted periods into analogue signals, and 
provide the converted signals to the respective 

75 terminals b of switching circuits 15i-15 n . Switching 
circuits 15i-15 n , in response to control signals gen- 
erated by controller 22, alternately select one of 
terminals a and b. In other words, terminal a is 
selected in a non-inverted period of the R signal 

20 and terminal b is selected in an inverted period. As 
a result, signals for offset level control are provided 
to adders 11i-11 n through switching circuits 15i- 
1 5 n in appropriate timing, respectively. 

Similarly, in the full scale level control, D/A 

25 converters 10i-10 n and 25i-25„ and switching cir- 
cuits 26i-26 n similarly operate. Each of D/A con- 
verters 9i-9 n has a terminal for full scale level 
control. That is, by controlling voltage level applied 
to a terminal for full scale level, the maximum level 

30 of an output signal generated by a D/A converter is 
controlled. A signal provided from each of switch- 
ing circuits 26i-26 n is provided to a terminal for full 
scale level control of each of D/A converters 9i-9 n , 
so that the full scale level control can be suitably 

35 performed for each channel. 

As described above, in the video signal pro- 
cessing circuit shown in Fig. 2. reference, signal 
generator 20 generates a reference signal Sref for 
defining offset level and full scale level in the non- 
40 inverted period and the inverted period of the R 
signal. The generated reference signal Sref is in- 
serted into vertical blanking periods of the R signal 
by switching circuit 4. Accordingly, a signal S1 
having the wave form shown in Fig. 5 is provided 

45 from switching circuit 4. This signal S1 is converted 
into digital signals by AID converter 6 and then 
subjected to signal processing by D/A converters 
9i-9„, adders 1 1 i-11 n and so forth. Accordingly, 
the signals provided from the respective buffers 

so 17i-17„ are affected by the deviations of circuit 
characteristics which exist in signal processing cir- 
cuits of the respective channels. The signals pro- 
vided from buffers 17,-17 n are supplied to micro- 
computer 21 through switching circuits 18i-18„. 

55 Microcomputer 21 generates data Df1-Dfn and 
Do1-Don to restrain deviations of reference signal 
components caused by the deviations of circuit 
characteristics of the respective channels. On the 
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basis of the fuH scale level control data Dfl-Dfn, 
the full scale levels of the respective D/A convert- 
ers 9i-9 n are controlled. Similarly, on the basis of 
the offset level control data Dol-Don, the offset 
level by each of adders 11i-11 n is controlled. As a 
result, the deviations produced among sampled 
video signals due to difference in circuit char- 
acteristics among channels can be reduced. This 
also yields an improvement of picture quality of the 
image, obtained according to the sampled video 
signals, or the video signals R1-Rn. Furthermore, in 
the liquid crystal display device shown in Fig. 1, 
the picture quality of the image displayed on the 
liquid crystal module 64 is improved. 

Although the present invention has been de- 
scribed and illustrated in detail, it is clearly under- 
stood that the same is by way of illustration and 
example only and is not to be taken by way of 
limitation, the spirit and scope of the present inven- 
tion being limited only by the terms of the appen- 
ded claims. 



Claims 

1. A sampled video signal generating device for 
sampling an applied video signal on a predeter- 
mined cycle and generating n-channel divided n 
video signals (n £ 2), comprising; 

means (20) for generating a level reference signal 
defining changeable level of the video signal; 
inserting means (4) receiving the video signal, for 
inserting the level reference signal into vertical 
blanking periods of the applied video signal; 
sampling means (6) for sampling the signal gen- 
erated from said inserting means on said predeter- 
mined cycle and generating n sampled video sig- 
nals; 

n signal processing means (9, 11, 12, 16, 17) 
connected to an output of said sampling means, for 
applying predetermined signal processing to the 
respective sampled video signals; 
detecting means (18, 23) connected to outputs of 
said n signal processing means, for detecting level 
reference signals included in the respective signal- 
processed signals; and 

level control means (21, 10, 25, 26, 13, 14, 15) 
responsive to said detecting means, for controlling 
changeable levels of the respective signals gen- 
erated from said signal processing means. 

2. The sampled video signal generating device 
according to claim 1 , wherein 

said video signal includes an analogue video sig- 
nal, 

said sampling means comprises A/D converting 
means (6) connected to an output of said inserting 
means and for converting the analogue signal pro- 
vided from said inserting means into n digital sig- 
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nais on said predetermined cycle, and 
said n signal processing means, connected to an 
output of said A/D converting means, apply pre- 
determined signal processing to the respective 
5 converted digital video signals. 

3. The sampled video signal generating device 
according to claim 2, wherein said level control 
means comprises highest level control means (10, 
25, 26, 21) for controlling the vicinity of the highest 

70 level of signals generated from said signal process- 
ing means in response to said detecting means. 

4. The sampled video signal generating device 
according to claim 1, wherein said level control 

i means comprises lowest level control means (13, 
15 14, 15, 21) for controlling the vicinity of the lowest 
level of signals generated from said signal process- 
ing means in response to said detecting means. 

5. The sampled video signal generating device 
according to claim 3, wherein said n signal pro- 

20 cessing means comprise n D/A converting means 
(9) for converting the respective converted digital 
video signals generated from said A/D converting 
means into analogue signals. 

6. The sampled video signal generating device 
25 according to claim 5, wherein said highest level 

control means comprises full scale level control 
means (10, 25, 26, 21) for controlling full scale 
level of each said D/A converting means in re- 
sponse to said detecting means. 

30 7. The sampled video signal generating device 
according to claim 4, wherein said n signal pro- 
cessing means comprise n offset adding means 
(1 1 ) connected to receive n sampled video signals 
generated from said sampling means and for add- 

36 ing an offset signal to each sampled video signal. 

8. The sampled video signal generating device 
according to claim 7, wherein said lowest level 
control means comprises offset control means (13, 
14, 15, 21) for controlling level of an offset signal to 

40 be added by said offset adding means in response 
to said detecting means. 

9. The sampled video signal generating device 
according to claim 1, wherein 

said level reference signal comprises a highest 
45 level vicinity reference signal for defining the vi- 
cinity of the changeable highest level of a video 
signal and a lowest level vicinity reference signal 
for defining the vicinity of the changeable lowest 
level of the video signal, 
so said inserting means inserts said highest and low- 
est level reference signals into a single vertical 
blanking period of the video signal, and 
said level control means, responsive to said detect- 
ing means, controls the changeable highest level 
55 and lowest level of each signal generated from said 
signal processing means. 

10. The sampled video signal generating device 
according to claim 1, wherein said detecting means 
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comprises sequentially extracting means (18), con- 
nected to outputs of said n signal processing 
means, in response to a horizontal synchronous 
signal, for sequentially extracting level reference 
signal components included in the respective out- 
puts of said n signal processing means. 

1 1 . The sampled video signal generating . device 
according claim 10, wherein 

said sequentially extracting means comprises n 
switching means (18), connected to outputs of said 
n signal processing means, respectively, sequen- 
tially turning on in response to a horizontal syn- 
chronous signal, and 

whereby, the level reference signal components 
included in the respective outputs of said n signal 
processing means are sequentially extracted. 

12. The sampled video signal generating device 
according to claim 1, wherein said video signal 
comprises one of primary color signals of red (R), 
green (G) and blue (B). 

13. A sampled video signal processing device for 
generating n (n£2) sampled video signals alter- 
nately inverted for each horizontal scanning period 
for a liquid crystal display device and sampled on 
predetermined cycle, comprising: 

reference signal generating means (20) for generat- 
ing first and second reference signals respectively 
defining vicinities of changeable highest level and 
lowest level of a video signal; 
inserting means (4) receiving a video signal, for 
inserting the pair of first and second reference 
signals into vertical blanking period of the video 
signal; 

sampling means (6) for sampling the signal pro- 
vided from said inserting means on a predeter- 
mined cycles and generating n sampled video sig- 
nals; 

n signal processing means (9, 11, 12, 16, 17) 
connected to an output of said sampling means, for 
applying predetermined signal processing to each 
sampled video signal; 

detecting means (18, 23) connected to outputs of 
said n signal processing means, for detecting the 
first and second reference signals included in each 
signal-processed signal; and 
level control means (21, 10, 25, 26, 13. 14, 15) 
responsive to said detecting means for controlling 
changeable levels of the respective signals gen- 
erated from said signal processing means. 

14. Apparatus for sampling an applied video signal 
to generate display drive signals, wherein means is 
provided for dividing the video signal into a plural- 
ity of divided video signals, each of which is ap- 
plied to a respective one of a plurality of signal 
processing circuits, characterised by means for in- 
serting a reference signal at predetermined timings 
in the applied video signal, detecting means for 
detecting the reference signals as appearing in the 



outputs of the signal processing circuits, and con- 
trol means for controlling said outputs of the signal 
processing circuits in accordance with the detected 
reference signals so as to adjust for differences 
between the signal processing characteristics of 
said signal processing circuits. 
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© An improved video signal processing circuit (63) 
in the high quality television system for alternating- 
current driving a liquid crystal module (64) is dis- 
closed. A reference signal is inserted into vertical 
blanking periods of a R signal by a reference signal 
generator (20) and switching circuit (4). The R signal 
in which the reference signal is inserted is converted 
into digital signals of n channels by an A/D converter 
(6). There exists difference in circuit characteristics 



among signal processing circuits for processing the 
respective digital signals. However, the signals 
signal-processed for each channel are supplied to 
microcomputer 21 through switching circuits (18i- 
18 n ). Since the microcomputer 21 controls full scale 
level and offset level of D/A converters 9i-9 n and 
adders 11i-11 n , the deviations produced among 
sampled video signals due to difference in circuit 
characteristics among channels can be reduced. 
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